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Ciibj;  Firing  Gharaoteristics  of  Elec*i*ic  Initiators  mcle  'oy  thss> 
SprajTaetal  Process*  N0r(-26~Re2b-222-5 

Absti  Ian  energy  aloctrio  i.iiitiatarai  made  by  the  sprajrastol  prooeoa 

have  been  Jnvestigatoi  for  their  vaj'ious  firing  ehaa'acteriaticyr 
It  has  beon  found  t’let  Tor  rapid  polso  tiiscbarges  the  required 
firing  enwgy  la  a functiou  of  th©  b.'rl.<igs  vol^ffiis  and  the  ttea 
rfjqulred  to  cio-Tiver  the  ene-rggft.  TJie  focplosive  p«x-tic.le  aii-e 
must  be  smll  to  effeot  igs^it-ion  but  the  loading  precisv^re  Is  of 
ioaec-sr  conseq’ienoa*  A theos’y  for  tVie  initiation  of  e^cplonJ.vos 
by  pulse  discharges  through  a vf.lr©  is  given  and  froia  it  therts 
are  caloul&toci  tha  activation  energlos  of  Iciad  styphnato  nrd. 
load  aside.  The  reprcK:i.>cibil.ity  of  flultistors  rade  by  tho 
apraymet  "'!  process  is  dljiCitaseda  The  rciqulrod  constant  cura*«.wt 
for  firing  is  .given  as  a fiaHjticn  of  diameter  but  is  phovns  to 
b«  dependent  or,  bridge  '.b.^rngth  also,  dne  to  heat  lost  tlirougL. 
the  bridge  ends.  Tha  time  to  fii’e  this  typ©  I’aiitlator  ip  give;3 
as  a fliQCtion  of  the  ennrgs''  ani  the  jsilso  dirnition* 


F'i’i’d  5 


Ac)c : 


Tnin  ffiesorand'aQ  is  int^anicii  prln&rily  for  tJxo  uac  of  «0L 
poi-Bonnel.  engaged  in  tb.;^  dsfiign  of  devices  using  loisr  enej*gy 
initiators  of  the  spira.yvaebal  t’hilQ  the  data  reaoidfd 

hejfeln  believed  to  b©  appr-oxliau’toly  corn-act  3 a magn.it.»ide 
aiK?  fairly  acourate  iaiaofar  as  thav  IndlcatG  treivis,  they  ishould 
I -ot  be  x*egt«)jde)d.  as  tbsolatcn  Ifenj  rofiisemeats  in  nGacuri-iig 
toclisiiiques  hsive  been  ljy-5t.itrjted  air.ce  a lai'g©  of  those  h'lato 


T.?ere  rasorded Idjmitfit.ions  are  no  ted  insofar  «8  Mons3blo  in  fcb« 


The  v/ork  disevuss-ad  hei’oin  Incluien  eontj'.tta'iitlon?  of  a nm'5»S'X'  of 
people  other  than  the  authors.  Some  of  the  most  iLrpox  tant 
cositributoi-3  are. the  foll-oniag!  Dx*.  3,  J.  Plunloy,  Tfho  in 
coinventoi’  of  the  s]:uraj's:ctal  ra9thv.xi  of  applyir-.g  bridges  tc 
o3.ect-ri3  ir.it intora  aii.i  vlio  pro]3C5>©i  BOTia  ''-he  original  coj  0070? 


'crm. 


trors  T7*'ich  naxty  of  tJie  expsrinentAv.  uethods  were  deriTc-Vli  Kr..  C,  V5, 
Randall,  who*©  ltig«r»ulV  dlliJjonc©  uoro  Inrflely  inotruErntal 
In  roductn/^  lh«  proceso  to  practice^  Ilr«  R.  Syele?,  tfho  ^•ofinod 
tho  tochnlquas  nnd  cxqulpeont  Tor  the  atcliln^  of  wire  to  t^e  point 
Khoro  •0003  diasntor  oirf  analler  tungsten  wire  wore  produced  ot 
tlis  NOL  swvoral  years  before  It  was  available  oo.T?»erotallyj 
Ur.  L.  E,  Starr,  t!r,  J,  ».  Ayrso,  and  Wr,  F.  U.  Hayward,  who 
devised,  constructed,  and  calibrated  InotruBontnilcn  end  apparatuc 
used  in  some  of  the  expgriiaenta;  tlr.  C.  W.  Goods,  who  constructed 
and  oallbruted  instrunenta  and  did  mah  of  tho  experlmontnl.  firing. 


Ref  I (a)  NOUS  - Method  for  the  Fabrication  of  Lew  Energy  Electric 

De  tons  tors 

fb)  HOU!  7115  - Detonatcr  Firing;  by  Gondenaor  Dlsohorge 
(oj  IfavOxd  90»46  - Thcorj'  of  the  Datouation  Process  (S-12635) 

(d)  CBRD>-J9^  - Detoml ration  of  Explosion  Tenporatures  (S-S347) 

(e)  Scl-  Vol  79  p.  409,  1934 

^-s>  , n 

VJL  y |«0*  XWjUsJt  S 

is)  rJC'ir;  .12434  - PovJo  -.  tho  of  Vines  of  the  oi'dor 

of  one  rniarooi.cond 

(h)  J 0393  - Prin.2r  not  ?Sc  .173  J'od  0 

Kt/oI  : (1)  pbi-fv®e  1 through  ?A 

(2)  Ikbl-es  1 through  5 

lltVKODXlIOII  • 

i.  Sijicp  tbo  rjurayii-gtel  process  (Rofcrorcc  (e))  ’ifas  dnvolopiyl  to  the 
point  uherc  initiatcro  could  bo  produced  in  sufficient  foj* 

aj.iioriiiii'nbii,  a iverf^ox’  rd*  studiss  hnve  hcc.n  r:sdc  c.C  tho  offrrot-’. 
of  var;lot!3  factors  v.pnn  the  sensitivity  o.r  appni^ftt  sensitivity  j>f 
initiators  of  +,his  type.  3oao  of  the  ntudlos  'T<j>*e  isado  for  doaiga 
p^ji’pisoo,  ethos's  as  prcHjT.inai’y  investlgeti  oic  of  tho  not  ivi-ro  aanaitivity 
of  vari<JU3  earplooives  and  otiw.rs  cc  inventigetions  into  firing 

c.irculto  ard  fi^’ing  circuit  ct  .aponeiritov.  An  attcijjjt  Jui*?  been  mdo  hcr«  to 
oyatocutlso  the*  date  in  such  c .Tasinor  as  tc  Irdicato  p.robj^hla  trends.. 

SL2,:\s^i'pJ/iS!n  .^i^-jEs.y:2C 
GSi'ERAL 

2: -►  The  electric  initiators  d'^/3'’.u.T.sod  in  this  rnonoreud^j  ’mr  j 'risdo  by 
the  opra3TBetDrv  process  doacs’llj^nl  Ijs  detid  l in  Keffercnci*  (a).  By  thiu  v 
tochiiiquc  cpniyad  irelten  sotsl  Is  us'd  to  sngtlf  the  bxrldgio  frf-re 
eoici  fo.nton  thtn  to  the  contfct  p:*crjgi»j  r.rd  to  Bixa’oltan'joucly  ostablinh 
iha  briege  lenf^tb  by  covorli.g  iho  initiator  plug  noao  ai.arfac<?  with 
<^cept  for  a rBorrenr  atrip  which  I’las  bos::  Taislcei  1^/  tho  Edge  of  a sultabio 
.shl’Eo  3 be  ler:frtr!i  ef  the  brldgo  apparoxitjaton  the  thickness  o.'  llio  sihijs  arc* 
w.oero  thij;  length  la  mfej'red  the  value  glv«i  will  bo  the  shia  cJdckn-cfUi^. 
A.fter  bvj.dgSng,  a c)a3'gc  holder  J a a38orcl.33  ento  ths  plug  cjy;  tho 
•iccplc--i*'s  prezf  csl  into  place,  RJate  1 Is  a dJr.^^r/iLvratic  :^',a-tch  o.'  11:? 
f ini.'ih'»r.  ifliticter  A fow  chsi  gta  in  dce'’,jn  hi  ve-  bson  cede  oSreo  n.hr 
P*-*' ^ e*’  Refer'seoe  (’i)  b\it  nrno  of  tht-x  hr.t'  bean  found  to  a.'? t', 
llripc-  c.haraeUs'l.^'oica  of  tl;o  .'nd'cij-.tnj-r, 

y 


^ t 


-.1 


-‘-.b-*;  or  th3%riaf5o5  uDfxl  1\  'bh-"  ixiitj  i-*.];-}' Icrl  Imiv  ^rG^^t  r.iidt 

Osvi  etched  tijngst^n  \ 5s<i  5;rrcV.C5d  fTf  c tj.s  'Ve.r'v;n{jhouc&  FJachr'e 
ruii  ikutXiirRG'air.H"  Co:.ij«ry  idi  ti  .ictcfr.^i  fl:je  or  cODCi29  ia..  (clifejaotea') 
trlt/n  r/cilgii't  par  unit  Ir-netih  hel^l  i'lvh;ln  5'^  of  tij'  noiairal 

value i Thig  vri.TO  >?aG  fu;:*vfn;'  rediicoi  is:  diwc ^ai*  ct  ifOL  'ey  ai>  acid 
etchiiig  Tii*  dj.s’.isritor  of  the  wire  j^tched  at  ’nOL  dote.nrlnax 

hy  roalKt-finco  ift^^csia'ancntOi.  of  tJ.eiio  snecoi'feaont-R  haw  bam  elracktid 

by  cccipiLritJg  rdth  dior.otor*-  mt-iined  uaisiy  s prajeation  aiarc&nopa  .vT  oh 
an  overall  anx^xification  of  X.  The  ?’eeietaj'.cp  ailor/ed 

var-ioiiE  nomine!  diaIr!{^tarf'  ere  "hoti'n  in  ta.G  foll.owisij;  tabxtlatl  . 


1'' J 

Toi^ 


ypnlnftl  Diaio&tyx- 

Iks^^nvsJlsnsg- 

0,.tC014  2*1. 

340‘-1.50  obTAs/LtiA. 

0.  00010  in 

f - 01  ohran  /i  J3  „ 

a.OOCfc;'  ira. 

100.400  chc.i/bj. 

:c<»r  worn  beeeJ  ci*  t'i'.n 

n'iL*''f:tf.r«.3  ;..l 

Llt'itrlcr.a  ’ 5.  :'r.o3.-\i  by  the 

xro  c.t  thi-a  el  »:c 

l iTi.ontr . 

It  vf  o not  nLuvuni 

of  tho  v-riov;  It  b 

■{C'utier  ’•  :.tch 

X)  ru3  cl  :>c^-  be  on 3 uC 

of  the  ran'-')-  of.J  :.h 

■•nrajl  I: '?*’•  ocv 

?r":l  tl:  !''.-  the 

sx'oiighwjt  t/ie  e.jtS  ■ i 

.J^■y,.  1h 

7.3  TG<  rcaf  £*  s i2.tn 

sd  in  C!i:C’*c:?ent  tsrr-.^r  ar.*-  ■lob  hly  ccrm-'t'.-fV/.-i . ''hio/i 

a.x  iixvs'.tlfrntion  ons  -nads  cf  c ;v'-x'tir:.C».  i.v  p'-jersoTiCctyi;,  iz  wir;  ■t’r.o 
Va*isc'.i/5c'.o  to  brldt.'-  all  of  Vac  pluf;’  sn  ueecl  ivi  tc  tii  n x’rcsio’sirj ; 
t.ji'i-r.;  'esefova  Icsdiaff  iS  tvo  t.£ri  ra-:  to  be  of  loexUiV'',  t'  latoi'a.,  sivl 
ic'3i3j.r.f;  •'.-fhOi  fiscing  contlilcn'?  rcr'.  t;  b.  -J-eete i<. 


ff?  lb  i i .?2  jlS  SiiP?-oa,5  v<r  r. 
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Ci ':c.lr, sitav5l  balal.s^  hha  '!'a;ir'l}:ii.aT  (ri-ir.:;‘'r j ft  'e  vnu  a 

ii'tcv  fXi'iiyJIingj  the  <s>rflc3l'-73  ia  or  a Bo>,.xhi'-.ex-  i\..-nc'  liofoia  icr-  sriniT 

The  ejqjjo£-iV'3s  a:ro,  3ji  gs.-iez'a?.,  nensui'c^  with  a scerp  rh-iaCh  Iifwbi 
roughlj’’  .five  rfilligi'aria  of  ij-xd  st^ij'rirate,,  Thf:  Ii)a'iin.g‘  paTstniro  :-.r’ 
appHed.  by  msare  of  an  as^or  proas  aov'ili'^m  to  intliisoto  thf  I'orco  by 
incans  of*  a leaf  spi-ing-dlftl  ).nfiaatav  arran^i^&:it„  Thi.s  ctorice  Ir 
accurate  to  T7ith:i.n  taro  or  three  percent  „ A gr&f-.tci*  orx'or  pre-bneSi*’ 
reoiOats  from  the  fidctlon  of  the  ran  abi  t'ne  fiiZ'-ieaT*  Trio  diasi'ter  of 
the  ohar^  cavity  isj  in  nosb  casoa  l/l6  5iu  ’its  ueuiiJ  r2T.Kr.i«e  i.:  tc 
nse  a dead  .load  o.i'’  10„5  ponaln;  'vhich  p;iveB  a hhoore  fcicul  lofidineC 
of  3s4bC'  poii  F3:*Iot5.o.i:«i  rasif'tance  of  tlift  orbyr  of  one  vnieh 

ptrobably  is  not  rmusml  co-siH/l  t.’rjn  cauoo  an  etior  of  «bout  ten  pojrtorto 
That  suish  errors  are  not  serious  nay  ho  seoa  froa  iGt:i  appe.ajdn.^  ii.  a 
.If.ter  seetiono 

T>V5’fjyS  of  ■.fpi.t.lnto?rs 


6o  d’hfc  d2*yirig  of  the  e-irplrtsi'; 
’3.‘ho  a/n^iH  aaount  of  •noist’ai;’'-3  r 
f>''aple3jve  i>!i,T4rav(5iS  -the  Jianr.l.h.  y 


nii  B Beuc' f'uanal  is;  xot  cenrit. •?.•■. ( ^ 
o'.-lser  li'i  .-I.'’  irhjich  mscsi.ns  Ir-.  ’tht 
■•/•nspei't-Ie.  of  the  eorplcjilve  iT.i  ;, foi/sb 
VeV.^ucoA' the  fi’'l3tion  aud  obrii-s  rssiisltiv.lt.y..  To  x'oruym  thlc?  .ra.'n'i;5j  v oi 
3.iq«ild  the  inikui'OGzri  are  o>.le5  ovcx-ni'dih  *£,;:.  'Csi  tbn  G:.  2'lici'‘ 

exix'ricevits  this  r^aa  daao  us  'iuy  cli'cirlrtl  ;?/ .dj'r  air^  biit  later  a Dv.-x-sr-va 
oven  vraa  uiJ6d»  llo  significant  ui-fforence  raic  i:otcd  hotivosni  .53_'0  erf' 


dried  :laitia'br,irc: 
the  oveii  bofex's  loariit^g., 

JTirdPjl  vJx'osfit 


'.hvi  cc'.ne  i'autanoi'S:  the  erii.ClsJsive  vtx.e  i2r5e4:  3u 
'i’iioj'o  rl*'  no  e-vldeiroG  that  th'.r  alters  the 


r 1 .-i-j'riro  ■ 
rcrit  3 fic  r. 


c-' . -rev ’ 't 


r r 


w . 
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cc‘;y.t*“ 


.mil  ixtfM’.tr  xrlli  be  •iirciicr^d  f.n  <orT  in  =>.  rovolcci-ilui. 

i-ciaorfe.  A i*e:7  rciierks  hers»  Kjy  ba  uss.rul  l:r;  ev'iloabin^  -yio  tats.  iT.iicI: 
<ar.'!  rr.pcrted  in  tLie  prosont  ncrtorandurie 

^°r>irsto.nc^  ^g;i_cg 

ft*  Albhcu^i  ijrecriutions  arc  talcen  to  korp  thr  oii'sult  .i-osintanco  ns  low 
as  pcositio,  contact  r*Jsistanco  in  too  firing  chaiabci*  safety  lnt,«rriPGlc,  ^ 
an.'l  TTiricus  other  ocaaoctione,  anomit  in  sor.®  cases  to  ns  mish  as  0.1 
to  O.Jt  chas.  Thus,  for  initiators  »ri:osc  rosleton-io  ia  of  tho  ox-ier  of 
one  olini,  tho  loos  to  ortranooviB  reeisttinco  1#  quite  appreciable.  Those 
losses  are  considerably  reduced  by  the  inoieeee  in  reaistaRce  of  the 
brldgo’^ire  duj"ir)g  ririug.  The  contact  realstencoo  tay  red’xce,  td  avao 
extent,  when  heavy  coivents  ei'o  flowing. 

SE?Aci2SS 


9*  The  tlre~i'n3ir.tt'.noo  function  cf  the  .‘n7ifc:h  ciuris  g the  fiv.'st  n5.f!r<>- 
Becond  aftoj*  olosrjro  has  bseii  the  subject  cf  PA-roh  speculation.  It  ban 
been  pointed  out  that  tha  ojrigiiial  contact  area,  in  cost  can  an,  rmiot  l>o 
rather  asRfllJ.,  The  tlnae  herf  are  co  short  as  to  pi’ral^jd.e  the  ccnCldeni 
USD  of  even  t.h<j  DiiTcat  ?4^  €^oiI.loGrardt  J-a  metriirinp  rr-slstnaca  nr,  a 
function  of  t.tne,  Tho  best  inlomtatirin  at  liftrrl  ’.ThicJi  jiivos  sor.G 
indication  rcgia'diag  tho  ragr3.t>ide  of  energy  <]£::>sipitiGa  duo  to  sr.ylio.i 
rcolst'-nc©  is  that  rMch  TJas  chtained  by  rt  plaoing  the  'nl'ciator  -flltlx 
tha  heater  of  n vacuiai  +herinccoup1-o.  Ths  thernwaaple  irivoa  a Qrashof 
fluxjaetor,  TiUi  da  flection  of  the  fliunntar  hsan  fouai  to  bo 
directl'.y  jropoi’tionel  to  Gt-  raid  indrpondcr  t of  Pf.  s5ve;?  fox*  ^IC  vuluen  fis 
low  as  a tenth  of  a 'alv'-rosocc-id  or  lecn.  Tests  of  thia  krlixi  Iviva  been 
Eode  mi.ng  a vi'Ac  yarlety  of  j.i?itxhojs,  both  c&nriO'’cial.l.y  o’otaiiu?d  ;iafl 
lAborat<;yy  falrricatei , A nuabor  of  suitchc-c  vcrc  frunri  to  Iiave  vory  good 
chnractijristioa  at  lo-.T  voltaeoa,  but  to  give  C’Ooa.aicno.T  low  voodln::? 
when  th>2  voltage  tra?  Incrfia-^cd  wich  alxjv^  25  volte  or  5o,  Tansc  lor 
’^adir.etJ,  rrhicli  my  bo  tveaeable  to  pra-vreing  in  otuo  naoc-a,  and  \o 
hijTti  r;nist»vKCO  fil?3s  in  others  incxv;i.so  ic  J'reqiioncy  of  one:  Jiu-cnc o t.a 
tha  voltage  iji  iiicrosasd,  A 'rf-uni:.!  i^alny  L'S'.s  been  foimi  uhioh  io 
Q'rLdoJitrty  free  from  this  effeot  u"r  to  3f>C?0  volt-n-  rrciiuent  shsoks  eve 
r.arlo  of  the  firing  ciro.ults^  i-ainir  thf  vacuum  thoiMic couple  u~.rl  15 ir re.u •' or 
aul  it  is  ballovei  that  criceh  l^-ir-zs  er«;  xtsil',  ia  gojvo'.xl,  cc'ipar.-fj 


rd.th  tba  davJai.Icn*?  of 
Rocjonjy.nying  data. 


tho  fii'jnp  o'i'.aj'gieo  wric'h  m?  qaftoci  rn 


10,  iicist  ST/itvihea  chattor  uuxv'ag  cloMU'f  , 
tii"!  tiuc3  "bG^x-titon  tha  first  elern’re  exd  Ho 
cafioue  ray  or.c  1 3d  it  roa  fnujd 

rttr<*2d’  ''jiblf  for  tho  sT'itxj'-cr  ..hicn  Ti’c.*x;  •: 
«',;itcr,oa  fsr  vliieb  fij.r.  tisc  long  ccr.p 


I ei.our-ij.entr  roro  redo 
firs-t  op  riln[;  by  nc-^jr:.  ai‘  u 
that  tM.s  ti)fiO  'rpv.  hig'uy 
jicd.  Gnxu  war  to  'ion 

■c-Tci  vrJ/:.h  the  fij-ing  pulao. 
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Circuit  Icfluctnr<co 

♦ — 

11 » PsriiJips  tlia  raost  oerious  dexoot  of  tho  firing  circuits  used  to 
ob'^ln  the  data  herein  reported  is  the  inductance  of  the  loads « 

• ConRldorations  of  safety  atxi  fiordLbillty  havo  resulted  in  h geneinl 

• circuit  design  \^.ch  he#  coneidorably  more  ixdustanoo  than  could  be 
realized  in  a special  circuit  with  no  safety  features « A measuroneiit  of 
a typical  circuit  showed  the  inrluotonoo  to  bo  4«5  mlorohenrieE*  This 
ind\.u3tance  ni^t  be  expected  to  have  two  effects*  the  loss  of  energy 
by  elootroiDagnotle  radiation  and  the  dlstoirtion  of  the  piiise  shape  find 
dumti.on.  The  tests  taentloned  in  paragrapii  foui*,  above,  indicate  that 
tlie  rodlotlon  looses  aro  nogllgiblc,  HoxTever,  the  effect  of  tlie  inductance 
upon  the  pulse  shape  and  length  ttay  bo  quite  appreciable.  No  work,  to  • 
dote,  has  cast  nuch  light  upon  the  effect  of  pulse  shape  but  it  has  been 
well  established,  both  in  the  ezporimentp  hei'eln  reported  nrd  in  those 
reported  In  Reference  (b)  as  well  as  by  others,  that  pulse  length  can  havo 
a very  laportant  affect  upon  tho  energy  requlrcnont  of  an  eleotrlc 
tnitlAtor. 

A 

12<,  A olrcuit  involving  eapncit-finco,  roclstoiKte,  avaJ  inductance  may  be 
either  overdampod,  crlti.cal!l.y  damped,  or  Miadeniaspnd,  It  can  be  Bhcrm 
tlmt  cirouits  in  the  crltS-Cally  danijed  and  ovarlain{>sd  conditions 
(where  CJR^  ia  equal  to  or  grej»t<5-r  than  one)  dslivor  most  of  tlioir  onorgy 

• 41 

to  the  rosiatiinco  in  a time  oquivalont  to  KJ  but  that  xinderdanpod 
circuits  have  tine  constants  proportlcnal  to  arsl  independent  of  nC» 

• The  undordwiipod  discharge  Is,  cf  covupse,  osclllntos-y  and  the  onorgy  is 
delivered  to  tho  resistance  in  sovoral  pulseso 

13,  Tho  foregoing  its  a dlsciieslon  of  cojidenser  discharge  tiirough  a 
constant  roaistunoe.  Most  of  ti.e  Initiators  disciissed  in  this  icanorandtaa 
hod  bridges  of  tungsten  wliich  lae  a liigh  tlierrnal  conffioiant  of 
rrisistivity.  The  peak  values  have  been  calculstad  to  ro!^ch  eight  or 
ten  tines  the  rosiat-ance  at  rco:"  tonperr ture  s.  Tbqysriments  of  ocvoral 
types,  which  r.iJLl  b<  described  letor  in  this  report,  inflicate  that  ih*'! 
motiii  effective  vesistano.e  of  the  tungutcu  bridges  during  firing  is  cf 
tl'»e  ordor  of  tun  to  thre^o  tlcG;;  the  cold  rsciat-^nce.  Both  the  peak  ;ixs5 
moan  reslstat'icos  &ve  functions  of  tho  poiuc  icaporafcuro  which  varies 
appreciably  oa  will  be  seen  later.  The  substitution  of  auch  a roan 
©ffnctivG  r&nistance  ia  a unaful.  ap',3rcxinctiou  in  ostinating  danipin;;v 
coefficients,  ti^!G  factors,  end  impodcrce  matches . 

• Piotrlbutoi  Cameit-eno^ 

14o  15b  neanur-montG)  havo  boor,  irade  of  the  dictributfiii  cu;>iol  tance  of 

• the  circuits,  but  even  the  IxvrgoGt  estimate  is  loss  than  100  micjnx  ,cv>- 
fnrans  which  is  neglr'giblo  ccr^pnreO  with  the  oouiev.soi'a  uosd  in  the  to:rt 
diac’sasci  heroin. 
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Firing  Circuit  Stmmary 

I5«  All  of  the  ebore  devintiot^s  fron  the  Ideal  olroult  (exoept  that 
due  to  the  dlatributed  eapBoltazioe,  idiioh  le  negligible)  hsTe  one  or 
both  of  tiro  effeota;  the  dissipation  ot  part  of  the  energr  C^V^/2)  at 
points  other  than  in  the  initiator  bridge,  and  the  Increase  of  the 
pulse  length  to  periods  longer  than  TC»  The  first  of  these  does  and 
the  last  say  inoreasa  the  apparent  mergy  requirenent  of  the  Initiator, 
shile  neither  can  result  In  m deerease  in  this  quantity.  It  can  thus 
be  oonoltkied  that  tha  energy  roqulrementa  quoted  ora  not  losbr  than  they 
sould  be  under  ideal  conditions*  Hie  deslgaer  of  olreults,  if  he  Icnoas 
the  output  of  his  firing  neehnnlsn,  oan  be  confident  (with  eocoeptlons 
to  be  noted  below)  of  obtaining  at  least  the  ealotilat^  reliability  of 
a elreult-initietor  eonblnation,  but  tlie  probebilitj  of  prlners  firing 
on  spnzlous  signals  InpireOQed  diiPectly  across  the  bridge  Is  pirobebly 
greater  than  night  be  ealuiJLated  fron  the  data. 

16.  frhile  it  le  not  the  purpose  of  this  nenorondum  to  attempt  tha 
derivation  of  a rigorous  theory  of  'toe  hot  wire  Initiation  of  exploslveo^ 
It  might  be  worth  while  at  thie  point  to  discuss  sono  of  the  factors 
Involved* 

T!ie  simplest  set  of  osaumptions  which  might  be  made  are  that 
(1)  the  eoeploalvo  has  a definite  "ignition  ■fcanpomturo"  above  whloh  it 
will  always  initiate  and  below  which  It  will  remain  unchanged,  (2)  the 
firing  pulse  is  very  short  oompcred  to  the  cooling  time  of  the  wire  and 
(3)  oil  the  energy  in  'tlio  pulse  is  dellvored  to  toe  wire  so  that  the 
naxisrua  temperature  reached  by  the  wire  Is  the  quotient  of  the  energy 
in  the  pulse  by  the  toextaal  oapaolty  of  the  wire.  Cn  these  assumptions, 
toe  energy  required  to  initiate  a propegutlag  reaction  is  pGroportional 
to  the  'vt^umo  of  the  wire  for  ays'toos  of  Identioal  materials  but  varying 
dimensions  and  is  independent  of  all  olsctrloal  variables.  These 
assumptions  are  a re'ther  good  first  appro::imation  for  predictions  of 
performance  within  a United  rongo  but  toe  "ignition  ‘troparature"  assuotd 
must  be  siuoh  hi, "her  than  those  de-termlned  by  such  standard  proceduree 
as  Imserslon  in  aetellls  ba'ths,  dropping  on  hot  plates,  etc.  Of  ooiirse 
it  always  Is  possible  'to  manipulate  the  charaetorlot.ics  of  tha  electrloal 
oirouit  so  that  the  second  of  ‘tliese  assumptions  is  true.  The  first  of 
toe  above  assumptions,  while  usefbl  over  a United  junge,  nay  be 
nlsleading  Trhere  order  of  magnitude  changes  of  wiro  slae  are  oonsJdered. 

17.  Consider  a relntivaly  large  raass  of  r/xplcel  "o,  a limited  portion  of 

which  has  been  raisfsd  to  a high  taB^-rtturo  compered  with  tho  larger 
mass.  If  the  swterinl  beluives  in  accorlancs  with  the  Arrhcnitis  equation, 
tlio  reootlon  rate  is  proportional  to  where  E Is  toe  activation 

energy,  R is  toe  gao  oonctant,  T is  tho  absolute  tonpera'ture  oni  Z is 
the  ooUison  nui'ibOT.  At  most  of  "tho  toaperetures  herein  concideroi, 
toernal  losses  con  bo  eonsidoixxi  to  ho  piroportio'^al  to  tho  tonperatinre 
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gradiant  nwd  to  we  area  of  the  surface  through  which  the  heat  Is  lost* 

For  gocnetrloaliy  slnilar  aasses,  the  surfaoe-^lume  ratio  Is  Inrereely 
proportional  to  the  size  (one  of  tbs  linear  dioenslona).  Then  fbr  at^ 
glYen  also  of  the  heated  portion^  there  Trill  be  a corresponding  tanperatux^ 
at  whieh  the  losses  just  balance  the  heat  generated  by  the  reootlon.  Zf 
the  teisperature  is  lower,  the  reoetidn  will  die  out.  Zf  it  is  falser, 
ths  reaction  will  accelerate.  7roa  the  abore  considerations.  It  is 
obvious  that  this  critical  tenperatiu^  le  higher  for  naaller  heated  portions. 
Zt  can  also  be  seen  that  bhe  ehongo  In  eritioal  teoperature  with  size  le 
aaaller  for  eKplosivee  of  hl^er  actiwation  energy  (fe)«  The  ease  of  a 
spherical  hest^  portion  has  been  considered  hy  Oanow  and  Flnklesteln 
(Reference  (o))  who  hare  derired  a differential  equation  which  was  solwed 
neebanleoUy  for  a few  points.  The  case  of  the  long  cylinder  has  not, 
to  the  writers  knowledge,  been  solved . It  was  noted,  however,  that  the 
nusKiriool  solutions  mentioned  above  satisfy,  very  nearly,  the  equatitxt^ 

In  a g E + Is  (equation  1) 

which  also  is  a close  approociDation  of  the  solutions  to  the  one,  two, 
and  three  dinonsionzd.  cases  of  a finite  nass  of  oecidosiTc  which  is 
brou^rt  into  contact  with  an  infinite  reservoir  of  han't,  where  a 
Is  a linear  dimension,  k Is  a constant,  and  T.  is  the  critical 
esrplosion  tenperatuz^  (absolute).  This  suggMta  that  the  sane  equation 
ni^t  apply  to  the  two  dimensional  transient  case.  Asstaing  this 
equation  "to  appdy,  a plot  of  the  logarithm  of  the  diameter  versus  the 
Inverse  absolute  orltioal  teoperature  should  give  a straight  lino  the 
slope  of  which  is  equal  'to  1^,  times  'the  activation  energy.  Application 
of  this  equation  to  the  do'benainatloi  of  the  aoti'vatlon  energies  of  lead 
stji^nate  axid  lead  oslde  irlU  be  given  in  a la'ter  section. 

oaA 

18.  The  tes'ts  upon  idiich  the  data  given  in  this  report  are  based  were 
made  by  the  Bruoeton  isethof?.  of  tes'ting  which  is  discussed  in  uoire  de'tall 
in  Reference  (f).  In  the  greater  port  of  the  'tests  recorded  in  this 
report  the  initiator  boing  tested  was  subjco'ted  to  the  discharge  of  a 
vnidobl©  condenser  which  Tras  charged  'to  a fixed  potential.  The 
oapeci'tfuioo  of  the  eondensor  was  Toried  so  that  the  emerg/  deli'vcred 
to  the  initiator  was  one  or  another  of  e.  ner'en  of  s'topB  or  oner,]5y  levels. 

The  ossentiul  feature  of  the  Brrweton  method  of  testing  is  t}iat  each 
Inltla'tor  is  tested  at  a s-inglo  energy  level  and  the  xreoult  of  'the 
test  recorded  aa  a nucoess  or  failxire  ac  the  case  may  be.  If  tho  trial 
io  a failure  the  next  initiator  is  'tos'tcd  at  the  next  higher  level. 

If  a given  -trial  is  a success  the  energy  given  -the  next  inltla'tor  io 
that  of  the  next  lower  level.  The  levels  at  ■which  ouccoosivo  initin-tora 
are  ■fces'fcod  will  fl«ot\iato  about  ■the  point  at  which  fifty  p3rcont  of  tho 
initiators  would  fire.  KLatc  3 is  a reproduction  of  a typical  O'Xjplo'lei 
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teot  eheow*  The  steps  ecn  be  located  so  that  either  the  eneirgy  'Talues 
theoselvee  or  the  v&lties  oT  some  funotion  of  the  energy,  oay  F,  are 
equally  spaced*  If,  for  each  value  of  the  energy  xised,  the  percentage 
of  initiators  which  will  fire  at  this  level  Is  plotted  against  F as  an 
Independent  variable  a frequency  ourve  will  reeult.  Ih  carrying  on  this 
tost  one  xisually  atteapts  to  taake  a ehoioe  of  the  funotlon  F la  such  a 
■snner  that  tbo  resulting  fk^equenoy  distribution  is  noznal*  This  is 
sspsolally  dsslzeble  if  any  attesiF^  is  to  be  aade  to  study  the  variation 
present  as  one  aust  do  if  he  is  to  estimate  the  aoouraoy  of  his  results. 

Ih  theas  tests  the  logaritlai  of  the  energy  wss  selected  as  the  flmetlon  Fo 
It  secPs  reasonable  to  suppose  that  this  ehoioe  is  better  than  that  of 
up  lag  the  ensrgy  Itself.  The  frequency  distribution  of  nlnlnuni  firing 
energy  of  the  initiators  with  respeet  to  the  energy  itself  would  he 
limited  to  non  negative  values  and  since  the  nonsal  dletributlon  ourvs 
extends  fToa  negative  Infinity  to  positive  infinity  it  Is  clear  that 
using  the  energy  Itself  ss  the  Independent  variable  will  not  give  the 
nomal  distribution  ourve.  It  also  seems  oleer  that  the  norualizlng 
fhaotlon  F should  be  one  which  tmnsforKs  zero  energy  Into  a negative 
infinity  and  leaves  positive  infinity  unchanged.  The  logarithm  Is  a 
Amotion  which  has  this  ehoraotoristic  and  has  been  used  by  nany 
Investigators  in  the  flold  of  explosive  sensitivity  measureei^at  for  this 
purpose.  The  reotilts  obtained  in  tests  appear  to  support  this  ehoioe  of 
variable.  Che  such  teat  was  node  using  Initiators  liavlcg  a tungsten 
bridge  of  100  ■loro^lnoh  wire  and  loaded  with  lead  styphnate.  Between 
.forty  and  fifty  Initiators  were  tested  at  each  of  several  levels.  Ihe 
results  of  this  test  were  analysed  by  the  Problt  method  Rsfex'enoe  (e) 
using  the  energy  as  the  independent  variable  and  also  v/hen  using  the 
logarttfan  of  the  energy  as  a normalising  function.  The  nuniber  of 
Initiators  which  would  be  expected  to  fire  was  eomixited  on  the  basis  of 
each  aasunptlon.  The  fit  was  tested  by  calculating  the  value  of  Chi 
Square  for  each  assumption.  These  results  are  given  in  Tablo  I.  The 
values  of  Chi  Square  are  oomputod  Aren  the  Froblt  analysis  as  described 
in  Reference  (e).  If  the  pr^loted  values  given  In  the  table  are 
compared  rrlth  the  obseirved  values  with  the  first  three  lower  energy 
values  grouped  together  and  the  value  of  Chi  Square  is  conputed  the 
result  Is  0.255  for  the  case  of  prediction  from  the  energy  itself  and 
0*062  If  the  logarithm  of  the  energy  la  used,  Rlateo  4 cod  5 ore  graphical 
ropreaontatlons  of  tho  above  calculations. 

19.  The  Fr<A»it  method  of  analysis  consistfj  of  a change  of  the  doponlcnt 
variable  00  that  tho  acciaroln  tod  frequency  ourve  is  ohangod  from  ex»  S 
ourve  to  a strat^it  line  If  the  fpoquoncy  distribution  Is  normal.  Hie 
pred  lotions  shown  In  Table  I aro  node  by  finding  the  equation  of  tho 
best  fitting  straight  line  as  given  by  tho  theory  of  least  squares  and 
then  oalculatiag  points  on  this  line. 

20,  For  any  sample  which  has  bson  tested  by  the  Druoeton  aothod  It  lo 
possible  to  test  the  asaivnption  of  normality,  Thio  test  has  been  applied 
to  oovora.1  such  sar.ploo  and  tho  reoiilta  indloate  that  this  aasuaption 

Is  Justified  rfien  the  lo^srltlia  of  tho  energy  is  used  aa  tho  independent 
variable.  Plateo  4»  5,  6 aiid  6a  are  graph  leal  renreoentationo  of  th* 
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above  calciilati one.  Platoc  4 and  5 glvo  the  oorpected  Clring 
jwobabiiitien  in  toms  of  piroblts.  Pl&tcs  6 ancl  6a  glvta  the  asiao 
info.rn&tlcn  In  torr.a  of  pemenbac®.  The  upper  and  lower  ourves  give  the 
95'X  confidence  Units  for  the  firing  proV^ability.  These  ourvea  corresporri 
with  the  liiUlte  given,  in  Tablo  I, 

21,  Hosulta  of  these  tests  are  subject  to  scnpllng  error  as  in  any 
ncthod  of  testing.  In  pcortlcnler  the  ootlraate  af  the  standard  deviation 
lo  subject  to  considerable  error  If  the  saanplo  size  Is  less  thou  about 
fifty.  Since  this  is  the  cose  In  many  cf  the  tests  reported  hore  too 
nuoh  confidence  cannot  be  placed  in  liia  results  • It  is  thought^  however, 
that  the  results  given  herewith,  are  reliable  aa  to  orders  of  tmgnltude 
and  will  prove  \iseful  as  a prolinJnary  ostimte  of  the  qiumtltles  involve'.! . 

22,  Alt!iough  an  attoapt  was  nade  to  eliminate  all  variable#  except 
tho,3e  being  stidied,  this  was  not  always  possible.  Both  tho  explosives 
end  tho  o.ircxuitB  used  way  be  affected  to  aar.e  extent  by  tlxo  weather 
corrJitiona.  The  magnituriou  of  fiz>y  oxjch  effects  have  not  boen  aetisured 
but  there  is  qualitative  evld«»nce  of  their  existence,  Sexxe  coauaercially 
obtainefl  vrlre  5s  uni-fenn  for  a sufficient  length  to  orcate  tho  llluslou 
that  continuoxza  checking  Is  Jonnecaseary,  an  Illusion  which  has  been 
dlopello'l,  Ihese  togethov  r/ith  soac  of  the  other  varia1;>lco  nentionorl 
0lsewh<■2^^  in  this  raosjorriivtiua  are  probable  reasons  for  tho  inhossogeni  ety 
-which  Trap  swictiries  observed  anong  eocmingly  siwilar  lots  of  initiators 
in  3 one  of  tho  earlier  o:cpor!seen‘ca,  ’.Ylion  a specific  effect  was  under 
stuly  it  wfis  the  pry-ctico  to  proisarc  a.  largo  .nutebor  of  initlatoi'e  xfhlch 
we.ve  raJtlopJ.zed  down  to  the  point  wheivi  the  effect  to  be  studied  C(in» 
into  piny.  Thus  cffocta  can  be  stulioc*  wjich  chantj?;  the  energy  l.ess 
than  tr«i  unavoidable  varia'fcions  betw^isn  lots. 


23,  Ini'tlator?  made  '.rlth  byridge  wiroo  of  n •JtiJ'lely  of  di.Emet/<?r8 

aal  lengths,  The  r.iowi  energy  ivsjulr'S-'nenta  of  h nu-'isbev  of  these^  loa'.l»>d 
with  loul  e'.'yphnala  are  tabjl  ftte'i  in  Table  1\„  fird  m'oaaiitcfJ  jxr.plilcnlly 
in  Pjp.tfi  7v  At  first  glm'’.c<'5j  the  cor7*elatlon  bet’Toen  the  volosr,fi  of  tlie 
bridge  njxd  the  cnoj-gy  rec^uircr-cat,  is  apr«i7.*fir.t,  further  inspection  will 
rovoal  ttxat.  s/njaller  wires,  us  predicted  by  theory,  have  a higher  energy 
reqxi-irGneat  pai'  nui't  vcl.iwve  than  larger  wires.  The  appa-'ant  nogligibi?J.tj 
of  this  effect  in  tha  're*5i*Jt3  with  thr  '’Topjxet  0”  vlic  (cee  F3.n'^  B) 
nay  be  attributrl  to  oithp.r  <a:p5:r*j2a‘'ital  (iX'ro'r  oi-  to  ineocu;-*aGy  cf  the 
assu’r.ptiun  tiiat  berth  noinpl^Ti  of  v/ixe  have  t!i=  same  repietivity„  It  ’•'ill? 
be  noca'i  fru'-t,  in  mdition  tc;  tho  Lnoro*;fla  in  enorrg;/  pe’r  unit  volxmc 
'tti.tli  tijo  dccjrserQ  in  diamotsx'  oa  rBreiictoi  by  reaction  kijciotics,  there 
is  an  'iticraafe  with  reduction  c.f  lon^pth.  Tills  be  nttributex-l  ixs  & 
nuiobf/r  of  fee  tore  uhxch  ops.i*- te  siirultanoously,  'I?at  l<j‘xsos  the 

ft'siis  cf  tho  rorr  oor.t'-ct  between  t’la  rpiry'^otp.r!  c'il  th:.  ’’ridgCj 

and  t*rtorr.al  cli'cuit  I’cslotariCe  oil  ccutvlhu <;•.=•.,  "’he  ;o*  at'lve  l>i;x>j'ta-:ioc 
of  tl.eoo  fpctc7’s  c'lrx.nt  be  rcHdiJ."  r.r.ce:  ‘oa  o'riCf;  they  ,."3  or^ivito  in 
the  Caro  dtrcctirn. 
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Clret4t  J^actora 

24*  The  energy  required  to  initiate  an  (sxplosive  by  means  of  a hot  wire 
is  a function  of  the  rate  at  which  the  energy  is  e|^Uod»  unless  it  la 
applied  in  a tine  which  is  negligibly  short  os  oonqMtred  with  the  coding 
time  of  the  wire.  This  oan  be  illustrated  by  the  obvious  fact  tbat»  if 
the  energy  is  applied  slowly  enou^^  initiation  will  never  ooour*  Since 
9oat  energy  sourses  are  subject  to  limitations  zwgardlng  power  output 
as  well  as  energy  per  piilae«  icformatlon  regarding  these  relationships 
Is  essential  to  the  rational  design  of  electric  fuses*  stCe  Such 
Infonmtlon  is  perhaps  enea  nore  inportant  to  the  theoretical  interpretation 
of  results*  A nudber  of  escperinants  were  made  In  vAiloh  the  oapacitanoe 
for  5QSC  firing  waa  detemined  at  each  of  a aeries  of  fixed  voltages*  The 
results  of  such  eocporlnents  are  shonn  on  Plate  9*  It  will  be  noted 
that*  for  the  larg^  two  sises  of  wire*  the  energy  bsoocies  independent 
of  the  voltage  above  14  volts*  Data  on  the  smaller  wire  beyond  this 
voltage  becomes  somawhat  leas  reliable  because  of  the  small  oapacitanoe 
needed.  The  shape  of  the  curve*  however*  indicates  that  it  will  become 
very  nearly  parallel  to  the  constant  energy  lines  a short  dietenoe  off 
the  graph*  Similar  results  are  plotted  on  other  coordinates  on  Plates  10 
and  11*  Perhaps  the  olearest  interpretatim  is  that  lUus  crated  on 
Plate  10  where  a minlmun  «»nergy  and  a minimum  voltage  are  the  aagnaptotes 
of  a hyperbolic  curve.  The  effect  of  pulse  shape  lias  not  boon  Investi- 
gated but  esperlKMsts  with  high  induotanoe  oirouits  indicate  that  results 
for  oscillatory  circuits  are  analogtma  to  those  for  damped  circuits  of 
the  some  deoay  tines.  On  Plate  12  la  plotted  energy  as  a function  of 
decay  tine.  It  will  be  noted  that  the  jpeoulta  for  damped  and  oscillatory 
discharge  make  a good  fit  to  the  sane  curve*  Althou^  there  are  too  foir 
points  tc  bo  oonclusiva*  the  Indication  is  that  for  practical  conslderatioes 
the  pulse  shape  affoote  the  energy  roqulrOTsent  only  to  the  extent  that 
it  affects  the  time  required  to  deliver  the  significant  part  of  the 
energy*  A rigorous  theoretical  approach  would  undoubtedly  reveal  a 
more  oompleac  relationship.  Experineatal  taeiiniques  have  not  advanced  to 
til©  point  where  such  oalciilations  could  b©  oliecked. 

Effective  Reeistanoe 

25.  Most  of  the  initiators  dlaoussed  herein  have  tungsten  bridgeo. 

Tungsten,  like  most  pure  metals  which  are  good  conductors,  has  a rather 
large  therjsal  coefficient  of  resistivity.  In  the  cases  of  the  oniallcr 
wires,  the  realstonoo  corresponding  to  the  calculated  poalr.  tscipemturo 
(on  the  basis  of  negligible  heat  loss  dvring  tlie  discharge)  is  of  the 
order  of  ten  times  the  cold  resiatenco.  The  .effective  resistance:  is 
obviously  sonewhere  between  tJ^e  cold  resiotonoe  and  this  calculated  p-aak* 

On  the  basis  of  negligible  loaseo  diurin^  the  discharge,  the  off ec tire 
resistance  should  be  very  nearly  midway  between  the  cold  resistance  end 
the  peak  resistance  since  tho  resistaivjo  Is  a direct  linear  function  of 
the  energy.  Two  different  types  of  experiments  T?ere  run  to  check 
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these  eeeuaptlons.  In  one  a varlatlcn  on  an  unbalanoed  bridge  oboceter 
waa  arx«nged  00  that  a vaouua  theraoeouple^fltBOMter  oonblnation  oould 
be  Bidietltated  for  tba  Gplvanoaetmr,  A ealibmtion  eas  made  elth  a 
deoale  reslatanoe  aa  ooa  leg  of  the  bridge  with  pulaea  of  varloua  magnitudes* 
A nunfcer  of  initiators  irere  tested  using  polsee  of  suoh  nagnltudes  that 
the  Initiators  reeelvod  approodnately  tholr  threshhold  fixing  energy* 

The  zsslstanees  neasured  In  this  nanner  sere  roughly  three  tines  tbs 
sold  raelstanoea  of  the  Initiators.  The  other  expwiaent  consisted  of  a 
series  of  Bruoeton  type  testa  as  described  in  an  earlier  section  in  which 
fixsd  reelstanoes  were  pGLaoed  In  series  dth  the  Initiators.  Test 
eondltlons  were  waried  In  such  a nanner  as  to  keep  the  RC  tine  as  nearly 
constant  as  possible  for  all  of  the  tests.  The  energy  requirement  of  tiie 
•yaten  Including  the  Initiator  and  the  fixed  serlea  reslstanse  was 
found  to  be  a direct  linear  function  of  the  soctemol  resistance  from 
Tdiloh  the  effective  rselstanbe  of  t^e  Initiator  oould  be  oalculated* 

(See  Flate  13.)  This  eacpezdnent  yielded  a value  of  3.18  ohrae  for  a lead 
atyphnate  loaded  initiate  with  a tungsten  bridge  •CX)G29  Inches  in 
diameter  by  .030  inches  long.  The  theoretical  cold  resistance  of  thase 
initiators  la  about  Id  ohsi  and  the  measured  resistanoe  Is  usually  of 
the  order  of  Id  ofana.  The  calculated  peak  resistance  Is  of  the  order 
of  six  ohna. 

S?sKilflfiA.Ye  JuaSsslqJifl 

26.  A number  of  prlnary  expOLoslve  oompotmds  and  mixtures  hove  been 
used  as  flash  charge  mateidala.  Results  obtained  with  a nun&or  of  those 
* appear  In  Table  in*  It  will  be  not€d  that,  although  the  materials  are 
listed  In  the  order  of  decreasing  sensitivity  with  the  smllor  brllge- 
wire,  the  values  with  the  larger  wlt^  include  a ntnabetr  of  Inversions  of 
this  order*  These  are  paredleted  by  the  theoretical  considerations  dis~ 
cussed  In  paragraph  16.  Ob  Plate  14  more  detailed  data  for  lead  azide 
and  leal  styptmate  are  plotted  according  to  equation  (l)  idiioh  predicts 
that  the  slopes  of  the  lines  euro  equal  to  tines  the  activation  energies. 

2R 

The  activation  eneirgies  for  lead  styp^xiato  and  lead  azide  determined 
ft*oin  the  teat  lines  obtained  by  the  method  of  least  squares  are 
57,300  and  21,775  calories  per  resj^ectlvely  as  ooeiparecl  with  Hankins 
figures  of  $Sp80O  and  21,200  cai  por  mole  (see  Reference  (d)  ) Thin 
rather  close  agre«nent,  taken  al.one,  would  tcaid  to  confirm  tlio  validity 
of  equation  (iT*  There  are,  however,  a number  of  reasons  to  belis^re 
that  the  agreement  Is  coincidental..  More  closely  controlled  experiirento, 
for  example,  wherein  a nuribor  of  the  Indetrmine+e  fee  tore  inherent  in 
the  eleotjric  initiators  of  the  construction  dlsoussed  herein  aro  greatly 
reduced  or  elimi.nntod , give  mush  lower  act.ivat.ion  ©norgios.  These 
expezdnents  indicate  that  the  most  importemt  of  these  factors  are 
associated  r/lth  the  low  length/Jianetw  ratio  of  tJie  larger  diameter 
brldgewires.  These  factors  (oxtomal  leases,  and  effects,  etc.)  teii' 
to  increase  the  energy  requireneut  of  the  larger  wlros  more,  pnroportionally, 
them  the  snallsr  wires.  If  neglected,  these  ‘"*3 tore  tetvl  to  decrer.Be 
tho  appKirent  temperature  differential  botwsen  different  sizco  of  wire  and 
henoc  increase  the  oalcTjlatad  activation  e.nergy. 
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27*  (ki  Plate  15  the  neaa  onersf  requlreoent  Is  plotted  as  a fonotion 
oT  the  btddcoelre  dloeoter  for  a fee  eocploslTee.  It  elU  be  noted  tbat 
the  teDperature  oarrespoadlng  to  the  nean  firing  energy  for  leaS  stypfanate^ 
^ioh^  aooording  to  Haolrin  (Reference  (d))  has  an  aotleation  energy  of 
56,800  oalmdee  per  nol,  mrtee  aush  leas  eith  wire  dianeter  t}ian  does 
that  for  lead  aside  (B  * 21,200)  and  neroury  lOlnlnate  (E  » 20,200). 

The  aasuranee  with  whLoh  Hate  15  can  be  relied  upon  for  the  p^iotion 
of  results  in  indioated  by  the  points  for  lead  styphnate  whloh  are 
ntmcrous  enough  to  give  sone  idea  regarding  the  epread  to  be  axpeeted. 


28«  A oomon  additive  to  prlmery  etrplosives  is  potsssitn  chlorate. 

A nunber  of  esrperlnente  nere  run  to  detemine  the  ssnsitivlty  of  such 
nixtures  as  a funotlon  of  the  pereentage  of  potaesium  chlorate.  Die 
resulte  are  pOLotted  on  ELste  16.  It  trill  be  noted  that,  in  the  oaee  of 
diaaodlnitrophenol,  the  most  sensitive  mixture  for  .0001  inch  wire  la 
quite  different  fTm  that  for  .00029  inch  wire.  Thus,  as  mi^t  be 
expeoted,  the  activation  energy  evidently  changes  vlth  the  pcroportions 
of  the  nlxtvre.  Perhaps  the  most  striking  feature  of  the  curves  on 
Plate  l6  ia  their  dlaslmllarlty,  which  Indicates  the  Inpraotioability 
of  making  any  prediotions  at  the  presiant  atage  of  the  investigation* 

The  lead  thlooyanate  • potassium  chlorate  mixtures  are,  of  course 
mixtures  of  two  non-expiosivee* 

fitnilggtyB  BwsaalAm 

29*  As  previously  noted.  It  has  been  found  necessary  to  grind  the 
exploeive  In  a ball  mill*  Since  no  equipment  nes  available  for  the 
measurenent  tf  subeieve  particles  sisoe  of  priioazy  explosives,  im 
ecxperlDent  va/  nm  to  determine  the  relationship  betseen  lallllng  time 
and  aansitivlty.  The  explosive  used  was  lead  styphnate  loaded  at  3400 
pel  and  both  «0001  inch  and  .000^9  inoh  tungsten  sire  were  used 
(.030  inches  long).  The  roeultc  are  presented  in  the  follorring  tabulation^ 

aUling  Energy  Reciuirement  (ergs)  for  Wire  Dlgg^etar  o: 

OttSSiJl >,Q261.^a9b 


2 

1160  - 1235 

16 

17^.194 

103O-1C95 

48 

158-179 

902-1015 

112 

149-162 

895-946 

The  values  given  are  the  fifty  percent  fixing  energies  plua  euid  minus 
their  standard  deviations.  This  expeidment  was  run  Trhlle  the  gloss 
bottles  provloualy  referredito  '.vere  st5J.l  in  uso.  It  will  be  noted  that 
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the  stnsitivllgr  laoreases  irith  grinding  tlae*  The  exploslre  wae  net 
with  oblorofora  during  grinding*  The  data  are  represented  graphioolljr 
on  Plate  17*  A rather  aurprlslng  sequel  to  this  eocperlaent  was  one 
In  whioh  tto  8000  eacploelwee  tiere  lo^ed  after  standing  in  the  ehlorofor]i 
for  elc^  or  nine  dejs  after  grinding*  Hith  *0001  inoh  hrldgeirlree  the 
WBluee  obtained  with  nateriol  whioh  hsd  been  ground  16,  46  a^  112  liours 
were  160>173,  154^171,  and  162»172  respeetiwelor*  The  Billing  tine  bad 
no  signlfloont  effect  upon  the  senaitlvitgr,  whwre  the  aaterlal  was  stored 
under  ehlorofam  for  sereral  days  after  grinding*  Although  there  has 
been  soee  speoulation  regaxding  the  reason  for  this  behavior,  the  oorreet 
wrplannti<«i  la  in  doubt* 

T.ftWfHng  Rreasure 

30*  A brief  tgcperlment  was  run  to  determine  the  effect  of  loading 
preesuxe.  The  results  are  jvesented  graphically  on  Plate  Id*  Tba 
increase  in  energy  requirenent  with  loading  density  is  too  snail  to  be 
of  importance  Aron  a practical  point  of  view  so  that  ruggedness  oonsidei'* 
ations,  etc*  should  be  the  oontrtAling  factors  in  the  ohcioe  of  loading 
preesures* 

31*  V utnost  Inportanee  to  the  designer  oonslderlng  the  use  of  the 
low  energy  sprey  netcl  type  priner  in  his  fu»e  designs  is  the 
reproduoibillty  in  firing  character!  sties  t^iat  can  be  eoepeoted*  This 
is  particularly  true  In  fuzes  where  two  pariners  of  different  energy 
requireoonts  are  utilized  in  tho  seme  fuze*  Tables  17  and  7 show  a record 
of  a nuBtber  of  tests  conducted  over  a tluree  year  period*  FTois  this 
an  idea  of  tho  reparoducibillty  and  tho  spread  of  firing  onorgios  can 
be  gleaned*  However,  in  surveying  those  tables  it  should  be  kept  In 
mind  that  during  the  past  three  years  there  bos  been  oonsideruble 
improvement  in  firing  oquipoeot  such  aa  switchos  ond  firing  chambers 
and  in  tlie  resistance  measuring  technique  for  tho  reduced  diameter 
tnug8t<»  wire*  Ronoe  if  these  factors  have  led  to  less  circuit  losses 
and  more  unlfora  primers,  the  aost  recent  primers  should  show  lower 
energies  and  less  oprerd*  In  commenting  on  the  reovtlts  obtained  with 
the  Tophet-C  wire  it  is  pertinent  to  reoiorlc  that  the  139  ohov/ln*  wire 
used  in  til©  more  recent  prlners  was  not  entirely  unlfona.  As  the  spool 
was  used,  the  resistance  beoacn  hl^or  and  the  firing  energy  of  tho 
bridged  prliKers  became  lower  indicating  a gradual  reduction  of  tho  wire 
dlanetor* 

32*  Ileesuroments  have  been  mode  of  the  tine  intervals  between  tlie 
firing  pulse  and  a signal  received  frori  a probe  which  is  outside  of 
but  close  to  the  output  end  of  tho  initiator.  I!o9t  of  those  irxasuro- 
nents  wore  made  !n  cenneotion  with  specific  problems  in  the  application 
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of  "tte  initiators  bo  that  the  data  arc  soQswhat  spotty  aad  discoraioctcd* 

The  tlae  neaaured  Inoludes  the  time  taken  for  the  dlstuz1>aDoe  to  rea«h 
the  probe  and  £or  the  tinier  device  to  rospond  as  well  as  the  time  betireen 
firing  pulse  and  exploaion.  Two  differmt  probe  systeos  (shonn  on 
Plate  19)  as  well  as  two  types  of  timers  were  used.  The  data  obtained 
with  one  arrangenont  nay  not  be  directly  coniMrable  to  these  obtained 
with  another* 

33.  The  data  plotted  on  Plates  20  end  21  were  Obtained  using  the 
arrangeoient  shown  In  Figure  (1)  Plate  19*  Those  on  Plate  2C  and  the 
lead  aside  data  on  Plate  21  tTere  obtained  v.ith  a Taeuua  thermocouple 
tinSjig  oireuit  sinllar  to  that  described  in  Reference  \g)c  The  data  ca 
Plate  21  for  Initiators  with  lead  styphnate  flash  charges  were  obtained 
with  a Potter  Counter  Chronograph.-  The  data  plotted  on  Hate  22  were 
obtained  using  the  arrangement  shown  in  Figure  Plate  19o  lb 
obtaining  these  data  a Patter  Timer  was  used  wxth  amplifiers  sinllar  to 
those  used  with  the  timing  circuit  described  In  Reference  (h).. 

34  > It  will  be  noted  that  the  initiators  with  lead  aside  flash  charges 
are  cuch  faster  than  those  with  lead  styi^inate  flash  charges  although 
previous  sections  have  shown  l.ead  aside  to  be  such  less  sensitive*  This 
is  in  agreenant  witli  the  general  experleaae  that  reactions  of  lead  azide 
grow  to  detonation  with  very  ohort  burning  per-'tsds  if  any  at  all., 

SigTSa^  .gfei&g 

35«  ilthou^  a large  nianbor  of  firing  ineohaniama  for  eleotrio  pi'lmero 
aoeoapllah  the  firing  by  an  energy  surge  (uuch  as  a discharge  fron  e 
charged  oapaoitor)  through  the  nrimor  bridge*  it  is  often  of  interest  to 
know  something  of  tlie  cioirent  firing  chai-aoteristlcs  under  conditions  of 
ne(^Ligible  change  of  ouaTont  trith  tins*  It  is  fairly  obvious,  for 
exaaplo*  that  during  the  coiarae  of  fabrication  of  electric  primers  the 
prinor  reaistance  ajust  be  taken  aa  a quality  control,  and  this  ueually 
Invoivea  the  pissago  of  current  through  the  bridge  wire  while  It  i« 
siurroundcd  with  eensitive  eocixloaive*  An  inquiry  Into  the  firing 
characteristics  of  priir.tufs  under  constant  cuirent  passage  would  indicate 
among  other  things,  the  raximum  current  which  can  be  seifoly  used  in 
such  tests* 

36,  If  one  considers  a wii*©  of  diameter  D,  rcslatancw,  R,  and 
length.  1,  passing  a ot-gady  current  I than  tl'.e  energy  input  in  a unit 
tine  '.ill  bs  gl'\'':jn  bj  T^R  and  this  will  bo  expended  by  useful  heat 
conveyance  througJi  the  wire's  porlpljeral  curfooe  and  heat  loat  through 
the  wliw'a  end  surface.  If  the  heat  loss  throrgh  tlio  vrlx’e's  ends  is 
ncglcrtsd  one  aay  write: 

Equation  (2)  l^R  =»  A T 

where  Is  a surface  cotxiue tivity  factor  aai  d T 

the  tom  port  t'.c'c  drop  bet:?ron  tho  Tijv.  sixJ  the  oKplc'^ivn, 

Sxibnti  luting  for  R its  eq'ol valent  viluu  of  ]fX  ve  obtain  2?  ^ JT  OLC,  dT 

or  T = Iv;t2 
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the  er:plosiv«  heis  a eormtnr.t  Ignition  teDpeinture,  then 
Uio  liiroch.ho5d  iiriac;  c»irrent  should  equal;  = K2  D^/2.  That  »i:ch 
a slnple  relationship  doen  not  exist  for  prlaero  of  very  small  bridge 
length  becomes  apparent  frtra  an  analysis  of  ecxpariraental  data  s^h  es 
that  plottorl  on  Plate  23i  The  fifty  percent  firing  point  for  each 
dtanetei*  arsi  lonjrth  k&s  obtained  using  a "Bruoeton'*  tost  procodura 
involving  botrfeen  40  aiti  50  ecaplcs  for  oo.ch  poiiit  plotted®  Sun-ent 
piscage  was  naintained  for  a period  of  10  seconds  before  a shot  was 
colled  « failure, 

3'7,  Fixer.  Plate  23  one  tiay  deduce  that  tlioj’e  in  oonoidorablo  licat  lost 
thwugh  the  wire  ends;  if  this  were  not  so  the  current  for  firing  should 
bn  Indeponacnt  of  the  bridge  length  (the  power  input  per  unit  length  of 
bridge  is  iodepondont  of  tho  length  as  length  and  roGlstanoo  are  directly 
proportional) The  fact  that  brl.dgso  of  the  sai-e  diameter  but  differont 
length  requtit!  diTfer^mt  ourrrr.ts  i.o  cttu-lLutable  to  different  heat  loss 
throiigh  the  wli>j  ems.  It  should  bo  nntod  also  that  us  tho  bridge  dienoter 
gets  l^i’gQS’  the  eiid  losses  nlco  g*it  larger  (the  curves  divargo),  TViic 
effect  io  in  iupreeiaent  with  the  tc^poci^itioDfi  beoaiiae  tho  ratio  of  tho 
end  aresi  to  tho  surface  Ui'oa  C =»  D ) for  a given  length 

2 »I)1  'ii 

Inoroanoc  with  inni'&aslng  diameter., 

36.  If  c<qi:atlcn  (2)  is  ipodifl&cl  to  aocevuit  for  oar  losses  we  obtain; 


thu 


This  eouttlon  at,  r.rvisenu  woulrl  be  eoctreciely  difficult  to  oolv©  7‘or 
eevoral^  rsosons; 

(1)  Tho  eire  teiapcav  tvire  C;ir  explosion  ir.  an  uiuoot'wn  fine  tier  cf 

tl:e  diajiif-tQTrt 

(2)  *:■;»  t)ie  vfcsietivity  of  t!:e  wire  naVor.I.al  afid  i’io  thenaal 
ccrductivi^y  «U’n  'ruActions  c?  tho  tom.porabiire. 

(3)  The  relation  botW'Tieti  the  p.urfaoe  coef ''Iciout  of  hert  ti^ansfor 

bctv:«f*n  t'no  wire  an<I  tho  eccploslvs  (ka)  aivi  the  te-nporatin'o  i.u  viot  kjic/nn 
nnd  M'ly  bP;  iiapoi'tnnt „ k2  iruy  hI.co  be  a of  tin©., 

Porliapa  fata  of  another  t^^pe,  such  as  th.c  «neri27  for  fii'tng  by  condenser 

at  long  kC  or  a r^-unir*  of  t!  c to  fit-e  o.loiig  .tif  tho  or:  rrud. 

te  fr.'nj  irnf.^r  aor,;  tent  ''tri.1,7  cn.-iJ  *»  + t ins  ray  t*r  n ■•'hi’  c..’  tc 
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jleJd.  a solution  for  tbs  quantity  T in  the  abore  equations  and  a 
value  of  R for  the  prtser.  tkitll  euoh  a tine  equation  (3)  is  of 
Itypothetleal  Interest,  only.  Vhe  data  presented  on  Elate  23  are  plotted 
in  a different  faablon  on  Plata  24« 

C0»CLDSIGI1S 

39*  The  oeoolueloos  «Meh  oan  be  drasn  frea  the  data  dtaenseed  above 
are  etanarised  beloet 

)»■  " 

(1)  That  the  threshold  energy  requlrsEMiDt  of  eloetrio  Initiators  is 
roughly  proportional  to  the  volnne  of  the  bjridgevlre*  For  nlaor  adjust- 
sants  this  is  quite  precise* 

(2)  That,  to  effect  initiation  of  eKplosives,  euall  diameter  bridge- 
vires  must  be  raised  to  hie^er  temperatures  than  larger  vires.  This 
effect  is  Kore  pronounced  for  some  eocploolvee  than  for  others. 

(3)  That  the  threshold  energy  requirement  Is  inversely  related 
to  the  rate  of  delivery  of  energy  eoanept  where  the  energy  ia  deliver^ 
in  a very  short  time.  An  initiator,  of  100  ainro-insh  dionetar  wire 
vhleb  will  fire  on  an  energy  of  the  order  of  100  ergs  must  have  this 
energy  delivered  within  about  5 misroseoonds.  The  shape  of  the  pulse 
apparently  has  little  effeot. 

(4)  That  an  inorease  in  eitlier  particle  also  or  loading  density 
will  Inoroase  the  energy  requirement,  the  latter  only  slightly. 

(5)  That  the  addition  of  poteeainr:  chlorate  will  sensitise  some 
explosives  to  initiation  by  a hot  wire. 

(6)  That  the  steedy  state  current  sensitivity  of  fine  wire,  short 
br5xtgo  length  initiators,  does  not  change  as  rapidly  with  bridge  diameter 
as  does  the  pulse  energy  sensitivity.  The  latter  varies  practloally 
directly  wltfx  the  volvuae  or  square  of  the  diameter  while  the  former 
varioe  with  about  tho  3/2  power  of  the  diameter  (see  slope  of  Plate  24). 

(7)  That  the  fastest  Initietion  Is  not  ceoessarily  obtained  with 
the  most  sensitive  explosive.  Lead  aside,  whloh  is  one  of  the  sort 
Insensitive  materials  tested,  is  by  far  the  fastest,  irfjen  initiated 
with  a sufficiently  vigorous  pulcec 

40.  Nme  of  the  above  statenentc  is  particularly  startling,  Host  cf 
thea  ere  prsdictcble  from  relatively  simplo  basio  oonsidonitions  or  had 
bean  detannined  for  other  types  of  electric  initiators  la  the  past. 

The  principles  whioh  govern  the  perfomance  of  spreynetol  electric 
Initlatom  ere  tha  somo  as  those  which  govom  tliat  of  wTl  wire  bridge 
initiators.  The  advantage  of  the  npraymetol  process  is  that  it  gives 
tha  designai'  an  unprecodented  control  of  the  factors  which,  in  tom, 
control  perfo«?.ane©<, 
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41*  Tte  dat«  pr«Mnt.ad  her*iii  do  not,  in  general,  refer  to  inltiatore 
vhloh  are  reedx  fbr  roleaae  aa  ptraotloal  Azm  eoaponeota.  TOr  tho 
designer  of  Aisee  this  ssaomndon  gires  tome  Indieatioo  of  shat 
eharMteristios  night  be  eoepnctfld  of  oleetrio  initiators  of  this  t7pe« 
For  tho  doeigaoir  of  prlnera  debonators  the  Infbmation  herein  can 
bo  tisod  as  a startlnc  point  in  the  dovalojaneBt  of  a new  iten*  Tho 
eonsidoratioos  diafsnssed  in  bhls  nonorandtsi  are  obrionsly  only  a few 
of  tboso  nhlob  anst  bo  taken  into  neoonnt  in  tho  denial  of  a dovioo 
tor  Qso  in  otdaanoo.  Othor  eonsidorationa,  snsh  as  eurroillanoo, 
eonpatibility  and  neohanloal  ruggedness,  a^  tho  ineorporation  of  tbs 
initiators  in  prlewre  and  datonators,  are  left  for  futuro  aonormndao 
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Ii:n’IATCRS  mi^IGTIID  TO  TIPS.  G! 

racDicnci;  ci] 

EnorCT 

(Erg^ 

Lo«  E 

lfc«3b(»r 

Tested 

7S 

l„fi3 

45 

89 

1*95 

42 

105 

2„02 

42 

123 

2.09 

a 

245 

2.16 

49 

170 

2e23 

39 

200 

2.30 

37 

234 

2.37 

41 

Ohi.  SqiM?jc 


BASIS 

B,\3IS 

0?  LOG  r'TIRGT  ca' 
OF  EliERCr 

?AKE0 

’.TIKI 

Predictod  Firings 

?lrod  5^3,  E Eborgy 

0 

0«*2*'  2.0 

0c9 

5dl 

2 

0.8—  4a^ 

1.9 

6.9 

6 

3.4-  9.3 

4.4 

10^6 

16 

9.5-16.4 

8<,a 

15.6 

24 

21.6-29.7 

19,5 

27c  5 

2C 

25c4-31c6 

23.8 

30,3 

33 

29,8-34.7 

29.7 

34.8 

39 

:-7,1-40.4 

3e„i 

40., 7 

0„396 

5. 

>022 

icrrn. 
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TAB1£  U 

HEAff  nriERGT  KEQUinn IKIfTS  OF  EIB07RJC  HIITIATORS  ’.TITH  D.TIDGES 

OF  V/IRIOUS  DILiarSIClIIS 

Explosiiti^Lead  Styphnst#*  I^pcratlon^tTUlod  16-24  hrs 


Resistcmo* 

qA 

dim 

Length 

7ol.(V) 

Wire 

]0}itlator 

Material  Energy 

(II11«) 

(Ilils) 

(Cyl.mB)# 

(ohms/in) 

(ohms)** 

R*q,(!3) 

(®x^) 

,065 

3 

0.003 

650 

2 

Tungsttffl  11* 

8S7 

0O95 

10 

0,090 

3004- 

>»• 

“ 57 

632 

c087 

15 

o.iu 

300^400 

4,5 

* 86 

757 

,095 

30 

0„271 

3004- 

94- 

• 145 

535 

.100 

30 

0.300 

275 

8.25 

« 185 

617 

,135 

30 

0.547 

145 

4.35 

" 290 

530 

.168 

30 

0^847 

97 

3 

• 370 

437 

.290 

10 

G.84I 

35 

0.35 

■ 400 

475 

,225 

30 

1.52 

54 

1.6 

n 760 

500 

,290 

30 

2.52 

35 

1.05 

• 950 

376 

,450 

15 

3.04 

241 

3,6*4Mf 

Tophot  «*C«1600 

526 

,450 

30 

6.08 

2a 

7o2 

• 2600 

428 

1.0 

30 

30. 

50 

1.5 

" 13000 

433 

# A oyHodrlool  mil  Ic  the  voluoia  of*  a cyliader  oas  nil  long  by  one  nil 
In  dianeter^ 

♦ The  firnt  (11  ©rg)  initiators  «honn  on  the  table  trero  loaiod  with  a 6O/4O 
nixtux>9  of  lead  thiocynnate/potaosinn  cliloret©,  Wo  figures  have  been 
obtained  for  lead  styplaait©  with  this  slse  wiroo^ 

Calculate  cold  values  aj:*e  given,  neasiured  values  are  BoE!«fidiat  higher,, 

Tophet  n;**  is  on  alloy  elBill/ir  to  WichronCc  There  aro,  of  coarse, 
tolerances  In  the  ecopositlor  which  result  in  vturiatione  in  reciotlvity., 
The  dianetero  given  are  calcxihited  on  the  basis  of  a roslotlvity  of 
100  laiarohai  crc„ 
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io: Air  or7j3Y  RSQi’iHiriiins  o?  hisctkid  u.TriATons  lo-U>ed  •7IT)i  varijIS  FL^iSir 

CKARCE  EXPLOSIVES 
Tungsten  Bridco  jO  nils  Lon^ 


UZAS 

EXPLOSIVE  ERERCI  RSQUIREl XlfT  (EROS) 

0«1  Dll  Olan  Oo29  ml  D5iiin« 


SilTor  Acetylidc 

95 

- 

Lead  Thlocyanate/xbt^Gslvffi  Chlorate  40/60 

ICO 

Tetraoene 

115 

4S0 

Lead  Styplinato,  Bacic 

125 

700 

Cuprous  Acatyllde 

125 

750-B5C^^ 

Lead  2,4-n:lnltreroseiN;i.nato.  ITojcssCn 

125 

1175 

Lead  StyplaiatG/Potaaoiu'n  Chlorate  ‘»0A0 

150 

790 

Lead  Stypiviafco 

160-225*^* 

925-3290*^ 

Lead  4»^0-tnitr«rosorcinsto,  Basic 

ISO 

lUO 

l<oad  4|,6~Dlnitrore8crclnij.te^  Tterr.a? 

190 

noo 

Jioad  2,4”Dinltrorreon3iEiate,  Baric 

210 

1200 

Horcury  I'uZMJ.n&te 

230 

785 

Dlazodinitrophenol/Potaaoiira  Chlcro.tc  ii-'7>/25 

260 

1030 

Load  2 Mti’oresorcirate,  fJornsl 

310 

1260 

lead  Aside 

340  eat  if{i 

1340 

DiasodlJTiitirophenol/PocaBsiura  Chlon.te  #^'0/50 

460 

?Ai0 

Diazodinitrophenol/Potassiirn  Chlorrrto  jf  90/10 

4‘30 

1230 

Dlaaodiniti'ophencl 

2100 

Jjood  2 !)iti*oraDozeinnte',  Basic 

•» 

2265 

*7^935;  than  50^  fii-ed  at  any  cnargy  oeeclo 
b’.ii’ncd  out  vylthout  fivino  DD!'P. 

•^^'’’'Theao  vajuos  tro  ecrbr«ir!os  bstsjaan  -rrlitch  tli®  risas^e  oC  novsral  of 

cllcholy  different  preianretilcn 

►Thia  diaj'o'J.initrojAieaol  tip.o  rather  old  s'xwk,  very  dr.rk  -Ln  color*;  o’v! 
probably  c<int:iin€2d  an  appreciable  ».ncv.nt  of  dec  or  position  pro.'b.rot^* 

if’r'Val'.as  Jjir.orpolBtcd  froci  e C?^ph  V.iich  arntalna  rasulta  olitcino'.  ^5.th 
both  .l.ai‘f’cr  and  ^.^inXlriT  wire* 
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